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NOVEL COMPOUND 

The present invention relates to a novel compound, to^ processes for 
preparing it, pharmaceutical compositions comprising it and to its use in treating 
5 medical disorders. 

Pharmaceutical products with antidepressant and anti-Parkinson properties 

are described in ^S-A-3^ 

~ v --.- 

compound among those disclosed is paroxetine, the (-)trans isomer of 4-(4 - 
. fluorophenyl)-3-(3\4 -methylenedioxy-phenoxymethyl)-piperidine. This compound 
10 is used in therapy as the hydrochloride salt for the treatment and prophylaxis of inter 

alia depression, obsessive compulsive disorder (OCD) and panic. 

We have now surprisingly discovered a novel salt of paroxetine which may 

be used as an alternative to the currently marketed hydrochloride, or as an 

intermediate in the preparation of iheliydrochloride. 
15 According to the present invention there is provided paroxetine 

methanesulfonate as a novel compound. 

In one aspect the novel salt of this invention is provided in non-crystalline 

form, which may be a solid or oil. The oil is preferably absorbed on a solid carrier, 

especially a carrier that is usable as a component of a pharmaceutical composition. 
20 In another aspect the novel salt of this invention is provided in crystalline 

form. When the crystalline form exists as more than one polymorph, each 

polymorph forms another aspect of this invention. 

The paroxetine methanesulfonate salt may be obtained as a solvate; any such 

solvate forms a further aspect of this invention. 
25 In a further aspect the present invention provides a process for the 

preparation of a paroxetine methanesulfonate by precipitation from a solution of a 

paroxetine methanesulfonate, spray drying or freeze drying a solution of a paroxetine 

methanesulfonate, evaporating a solution of a paroxetine methanesulfonate to a 

glass, or by vacuum drying of oils of a paroxetine methanesulfonate, or solidification 
30 of melts of a paroxetine methanesulfonate. 
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Preferably such process provides crystalline paroxetine methanesulfonate by 
crystallization or re-crystallization from a solution of a paroxetine 
methanesulfonate, and especially on a commercial scale in a reproducible manner. 

Paroxetine methanesulfonate may be prepared by chemical modification of a 
5 precursor methanesulfonate salt. Suitable precursors are those which may be 

converted to the methanesulfonate salt by hydrogenation. For example, the N-benzyl 
derivative of paroxetine methanesulfonate in a suitable solvent (such<as a Cj:- 
4 alkanol) may be hydrogenated using a catalyst such as palladium on charcoal to 
generate a solution of paroxetine methanesulfonate. 

10 Alternatively paroxetine methanesulfonate may be prepared by treating 

paroxetine free base or a labile derivative thereof with methanesulfonic acid or a 
labile derivative thereof. For example paroxetine methanesulfonate may be prepared 
by contacting stoichiometric amounts of the acid and paroxetine base, alternatively 
an excess of the acid may be used. Preferably the base is in solution and the 

15 methanesulfonic acid is used as a solid, liquid, or as a solution, for example in water, 
ethers, or lower alcohols such as methanol, ethanol, and propan-2-ol, or a mixture of 
solvents. There is no need for a pure form of paroxetine base to be used as a starting 
material in the preparation of the methanesulfonate salt. 

The term 'labile derivative thereof used herein with reference to paroxetine 

20 refers to derivatives of paroxetine which under the conditions of the reaction with 
methanesulfonic acid or a labile derivative thereof form the paroxetine 
methanesulfonate salt. Such labile derivatives include without limitation a salt of 
paroxetine with an organic acid, particularly with acids weaker than methanesulfonic 
acid, or labile N-protected forms of paroxetine e.g. N-trimethyl silyl or N-tert- 

25 butyloxycarbonyl. Examples of such salts of paroxetine, particularly with weaker 
acids are salts of paroxetine with organic carboxylic acids, which may be saturated 
or unsaturated Q.io mono-, di-, or tri- carboxylic acids or hydroxy substituted such 
carboxylic acids, such as tartaric, and especially acetic acid, or maleic acid. 
Polymorphic forms of such salts, e.g. paroxetine maleate.form A or B, may be used. 

30 Use of another salt of paroxetine as a starting material is suitable for preparation of 



2 



P32I51-1 



the crystalline salt or, if a volatile acid such as acetic acid is used, non-crystalline 
salts by methods that involve evaporation (such^as freeze-drying and spray-drying). 

With reference to methanesulfonic acid the term 'labile derivative thereof 
refers to derivatives of methanesulfonic acid which under the conditions of reaction 
5 with paroxetine or a labile derivative thereof form paroxetine methanesulfonate salt. 
Such labile derivatives include without limitation salts thereof, especially a soluble 
r. salt, e.g. an : ammonium or an amine salt thereof (e.g.: ethylamine or diethylamine), or 
immobilized amine salts e.g. a resin. 

The paroxetine base may be provided as prepared according to the 
10 procedures generally outlined in US Patent No 4,007, 196 and EP-B-0223403, the 
contents of which are included herein by way of reference. An advantage of the 
present invention is that paroxetine solutions prepared by a wide variety of synthetic 
routes may be incorporated into an efficient manufacturing process for paroxetine 
methanesulfonate. 

15 The paroxetine base may be provided in situ from a preceding reaction step 

in which the paroxetine base, or a labile derivative thereof, has been formed, e.g. 
present in the solvent medium in which it has been so formed. Preceding reaction 
steps leading to the formation of a solution of paroxetine or a labile derivative 
thereof are generally deprotection reactions, part of a deprotection sequence, or a 

20 coupling reaction in the absence of a protecting group. Examples of suitable 

protecting groups will be apparent to those skilled in the art and include without 
limitation: 

Ci_5 alkyl and Ci^alkylaryl, allyl,:phenacyl, quaternary ammonium; carbamates, 
such as methyl carbamate, diisopropylmethyl carbamate, 2,2,2-trichloroethyl 

25 carbamate, benzyl carbamate, (optionally substituted with, for example, C1.5 alkyl, 
nitro, C salkyloxy, halogen, cyano), vinyl carbamate, allyl carbamate; N-benzyl 
derivatives (optionally substituted with, for example, Ci_5 alkyl, nitro, C[_ 
5alkyloxy, halogen, cyano); amides, such as formyl, acetyl, acetoacetyl, benzoyl 
(optionally substituted with, for example, Ci_5 alkyl, nitro, C^alkyloxy, halogen, 

30 cyano); acetal derivatives, such as methoxymethyl, pivaloyloxymethyl; nitroso 

■ ; derivatives; silyl, sucbas tri dirriethylthexylsilyl;; ■ 
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Sulfur acid derived groups, such as benzenesulfenyl, benzenesulfonyl (optionally 
substituted with, for example, C1.5 alkyl, nitro, C^alkyloxy, halogen, cyano). 

An example of such a preceding step involves hydrblysis of a carbamate 
precursor (for example, the N-phenoxycarbonyl derivative of paroxetine) in a 
5 suitable solvent (such as toluene) using a base such as an alkali metal hydroxide, and 

provides paroxetine base in solution, for example in toluene. Alternatively the 
: deprotection and salt conversion steps may be combined ih a one step^prociessv-fdr 
example by reacting directly an acid labile paroxetine precursor ( e.g. an acid-labile 
carbamate such as the N-tertbutyloxycarbonyl derivative of paroxetine), with 

10 methanesulfonic acid in a suitable solvent (such as propan-2-ol, dichlorome thane, 
dioxane or mixtures thereof). Another example is that disclosed in WO98/01424, 
the contents of which are included herein by way of reference especially insofar as 
they relate to deprotection, in which hydrogenation in the presence of a catalyst such 
as platinum or palladium e.g. deposited on carbon is used to remove a benzyl or 

15 substituted, e.g. C 1.5 alkyl or C1.5 alkoxy substituted benzyl group. This reaction 
may for example take place in water, particularly under acid conditions, or in an 
organic solvent such as an alcohol, for example aCi.5 alkanol which may be straight 
or branched chain e.g. ethanol or 2-propanol, or a medium containing such an 
alcohol, and so provides paroxetine or a labile derivative thereof in solution. 

20 The paroxetine base or labile derivative thereof may be formed by 

evaporation of a solvent or solvent mixture in which the base or labile derivative is 
solubilized. Such a solvent or solvent mixture may for example be a solvent or 
solvent mixture medium in which paroxetine has been formed in situ e.g. in a 
preceding reaction step in the medium. The paroxetine base may be produced in an 

25 organic solvent or mixture such as those discussed herein, such as toluene or a 

medium containing toluene, which is then evaporated to leave a residue e.g. an oil, 
oily or solid or semi-solid residue. The unpurified paroxetine residue may be used in 
the preparation of paroxetine methanesulfonate. Alternatively the residue may be 
resolubilized in a suitable solvent such as a medium comprising an alcohol e.g. as 

30 discussed above, suitably propan-2-ol. The solvent may be heated and optionally 
agitated in order to effect complete dissolution of the' residue; •■'*« 
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In addition to the above-mentioned solvents, most commonly used solvents 
are suitable for mobilising, e.g. dissolving or suspending, paroxetine base, for 
— - example aromatic hydrocarbon type 

xylene; alcohols such as Q.s alkanols which may be straight or branched chain e.g. 
5 methanol, ethanol, propan-2-ol; esters such as C1.5 alkanoate esters such as ethyl 
acetate; ketones e.g. di- C1.5 alkyl ketones such as acetone and butanone; amides 
^ such as C ^5 alkyl substituted acet 

amines e.g. pyridine; halogenated hydrocarbons such as fluoro and/or chloro Cmo 
alkanes e.g. dichloro methane; nitriles such as Cmo alkyl nitriles e.g. acetonitrile, 
10 and ethers e.g. di- C1-5 alkyl ethers and cyclic ethers such as tetrahydrofuran and 
diethyl ether. 

In particular the following solvents are suitable for mobilising paroxetine 
free base: toluene, alcohols such as methanol, ethanol, propan-2-ol, esters such as 
ethyl acetate, ketones such as acetone and butanone, halogenated hydrocarbons such 

15 as dichloromethane, nitriles for example acetonitrile, and ethers such as 
tetrahydrofuran and diethyl ether. 

Suitably mixtures of solvents may also be used e.g. mixtures of the 
abovementioned solvents. The paroxetine base may be provided in solution in one 
solvent and then the solution diluted with another solvent, miscible with the first 

20 solvent. The second solvent may be added to a solution of the paroxetine base or 
alternatively the solution of paroxetine base in a first solvent may be added to the 
second solvent, in both cases optionally with stirring in the first solvent. The mixing 
of the paroxetine solution and a second solvent may occur at any convenient working 
temperature between e.g. - 20°C and the boiling point of the solvent, preferably 

25 between 15 to 80°C under an inert atmosphere such as nitrogen. 

Methanesulfonic acid is commercially available. It may be used as a neat 
liquid, or as a solution, for example in water, ethers, or lower alcohols such as 
methanol, ethanol and propan-2-ol, or a mixture of solvents. More generally it may 
be added as a neat liquid or preferably in solution, for example in water, of a lower 

30 alcohol such as a C1.5 alkanol e.g. methanol, ethanol, or propan-2-ol; esters such as 
\, Z' • C1.5 alkanoate esters such as ethyl acetate; aromatic hydrocarbon solvents e.gia Ci.s: 
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alkylbenzene such as toluene; di- C { . 5 alkyl ketone such as acetone, butanone, 
isomethylbutyl ketone, or a mixture of such solvents. The methanesulfonic acid may 
also be added in the form of labile derivatives as discussed above, ! such as a soluble 
salt, for example ammonium methanesulfonate, or the methanesulfonic acid salt of 
5 an amine, for example a Q.5 alkylamine such as e'thylamine or diethylamine. 

The concentration of paroxetine base or labile derivative thereof in the 
. paroxetine. feedstock is preferably in the range 5 to 80% : weight/volume. e.g.-5 to ■. 
50% weight/volume, more preferably in the range 10 to 50%, particularly 10 to 30%. 
The concentration of methanesulfonic acid or labile derivative thereof in the acid 

10 feedstock, when added in solution, is preferably in the range 0.1 to 7 molar e.g. 0.1 
to 3 molar or 0.5 to 1.5 molar, but more preferably between 1 and 5 molar. A high 
or low concentration of the acid may be added to a low or high concentration, 
respectively, of the base, preferably a concentrated solution of the acid is added to a 
dilute solution of the base. Suitably, depending on the solvent(s) used, the - 

15 concentration of paroxetine methanesulfonate formed may be in the range 2 to 50% 
weight/volume, typically 5 to 30%. The concentration ranges of the reactants as 
defined herein are found to facilitate formation in solution and subsequent 
precipitation of the paroxetine methanesulfonic acid salt in crystallized form. 

The reaction of methanesulfonic acid with paroxetine base is exothermic and 

20 results in a rise in temperature; typically by between 10 and 25°C, depending upon 
the concentration of the solution, unless controlled by cooling. Suitably the 
addition, in either order, is carried out above ambient conditions e.g. above 25°C 
such as between 30 and 80°C preferably above 30°C such as between 40 and 60°C 
and preferably under an inert atmosphere of nitrogen preferably with agitation e.g. 

25 stirring. Whilst temperatures above ambient suitably are used, so as to control the 
subsequent crystallization process and to produce crystals having reproducible 
properties e.g. of uniform particle size distribution and habit, temperatures in excess 
of 90°C are preferably avoided since degradation occurs resulting in colouration and 
oil formation. Optionally seeds may be added to the paroxetine solution prior to the 

30 addition of the acid component. ~. - 
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The salt may be isolated in solid form by conventional means from a solution 
thereof obtained as above. For example, a non-crystalline salt may be prepared by 
precipitation from solution,: spray drying, and freeze drying of solutions, evaporating 
a solution to a glass, or vacuum drying of oils, or solidification of melts obtained 
5 from reaction of the free base and the acid. 

Prior to the isolation of the paroxetine methanesulfonate salt, water may be 
removed by azeotropic.distillation to.avoid-the. formation.of hydrates or to obtain the . 
product in anhydrous form. In that case, suitable solvents for the solution of the salt 
are those which form an azeotrope with water such as toluene and propan-2-ol. It 

10 should also be appreciated that mixtures of solvents can also be used to aid the 
azeotropic removal of water. 

A crystalline salt may be prepared by various methods such as directly 
crystallizing the material from a solvent in which the product,has limited solubility 
or by triturating for example with ethers such as diethyl ether or otherwise 

15 crystallizing a non-crystalline salt. 

A number of solvents may be used for the crystallization process including 
those that are useful industrially; e.g. paroxetine methanesulfonate may be 
crystallized from a relatively crude feedstock such as is commonly produced during 
the final stage of the chemical synthesis of paroxetine. In particular solvent systems 

20 which are suitable for preparation of paroxetine methanesulfonates can also be used 
for recrystallization (including crystallization), for example toluene or lower 
alcohols followed by precipitation with ether or hexane. Alternatively, paroxetine 
methanesulfonate may be crystallized or recrystallized by cooling and optionally 
seeding a hot solution in a suitable solvent such as propan-2-ol. An improved yield 

25 of the salt is obtained by evaporation of some or all of the solvent or by 

crystallization at elevated temperature followed by controlled cooling, preferably in 
stages. Careful control of precipitation temperature and seeding may be used to 
improve the reproducibility of the production process and the particle size 
distribution and form of the product. 

30 One method for preparing crystalline paroxetine methanesulfonate salt from 

solution comprises forming a supersaturated solution of the salt in a solvent and 
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allowing the crystalline salt to precipitate from solution, for example by maintaining 
the solution in relatively quiescent conditions, e.g. under gentle stirring or leaving 
the solution to stand. Seeding of the solution is optional. By selection of a suitable 
solvent medium and concentration the present invention provides a process in which 
5 crystalline paroxetine methanesulfonate precipitates at temperatures above - 20°C 
e.g. above 0°C e.g. around ambient conditions of 10 to 25°C. Suitable solvent media 
for this method comprise alkyl benzenes such as toluene, alcohols e^Ci^ 
alkanols such as 2-propanol, di- C1-5 alkyl ketones such as acetone, ethers such as 
C4-6 cyclic ethers such as tetrahydrofuran or mixtures thereof, and in particular 

10 mixtures of such alkyl benzenes with such alkanols or ketones e.g. toluene and 2- 
propanol or toluene-acetone mixtures. 

Another method of preparing crystalline paroxetine methanesulfonate salt 
comprises forming a solution of the salt, for example as defined herein, and 
subsequently supersatutarating the solution for example by evaporation of the 

15 solvent and/or the addition of an anti-solvent to precipitate the crystalline salt from 
solution. An "anti-solvent", as referred to herein, is a medium such as an organic 
liquid, which is miscible with a solvent for paroxetine methanesulfonate salt but in 
which the paroxetine methanesulfonate salt is less soluble than in the solvent. 
Preferably the solubility of paroxetine methanesulfonate salt in the anti-solvent is 

20 less than lmg/ml, preferably less than 0.2 mg/ml, especially less than 0.1 mg/ml. 

Examples of anti-solvents include ethers, e.g. di- C1-5 alkyl ethers and alkanes, such 
as C5.10 alkanes which may be straight chain, branched chain or cyclic such as 
hexane. Solvent systems which are suitable for preparation of paroxetine 
methanesulfonate, e.g. those discussed above, e.g. with reference to the solvent 

25 systems used for the deprotection reactions discussed above, can also be used for 
recrystallization by precipitation with an anti-solvent. 

A preferred method of preparing crystalline paroxetine methanesulfonate salt 
comprises cooling and optionally seeding a solution in a suitable solvent in which 
the paroxetine methanesulfonate salt has a greater solubility at higher temperatures 

30 than at lower temperatures so that as the solution cools the solubility at lower 
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temperatures will be exceeded and the paroxetine methanesulfonate salt crystallises 
out. 

Suitably the solubility of the paroxetine methanesulfonate salt at or' * 
immediately below the boiling point of the solvent is 5x or more, preferably lOx or 
5 more than that at ambient temperatures (e.g. ca. 20°C) or lower. Suitable solvent 
systems include alkylbenzenes, e.g. C1.3 alkylbenzenes such as toluene, alcohols 
such as C1.5 alkanols suclvas methanol, ethanol, 2^propanoband^ 
such as di- C1-5 alkyl ketones such as acetone, methyl ethyl ketone, methylisobutyl 
ketone, esters such as C1.5 alkyl C1.5 alkanoates such as methyl acetate, ethyl acetate, 

10 propyl acetate, isopropyl acetate, butyl acetate, and ethers such as methyl t-butyl 
ether and C4.6 cyclic ethers such as tetrahydrofuran. Single and mixed solvent 
systems may be used as the solvent or co-solvent of choice. 

The starting temperature of the solution containing the paroxetine 
methanesulfonate salt to be crystallized may vary depending upon the solubility of 

15 the reactants in the solvent system. Suitable temperatures are between minus 20°C 
and (+) 80°C, although temperatures between (+)10°C and (+)70°C are preferred 
and temperatures above (+)30°C e.g. between (+)40° and (+)60°C are most 
preferred. The solution is cooled to a temperature within the metastable zone in 
initiate crystallization. Once crystallization is underway, the temperature of the 

20 mixture may be reduced steadily or in stages in order to maintain a moderate degree 
of supersaturation and a controlled crystallization at a high yield. The cooling rate is 
preferably within the range 0.1 to 5°C/minute and even more preferably is between 

0. 1 to 2°C per minute. The final temperature at the end of the crystallization 

process is preferably around or below ambient e.g. 5 to 25°C even more preferably 

25 10 to 20°C. Advantageously the methods provided herein do not require low 

temperatures i.e. less than 0°C in order to enable the crystallization process. An 
improved yield and quality of the paroxetine methanesulfonate salt may be obtained 
by combining two or more of the aforementioned crystallization methods. For 
example by evaporating some or all the solvent and/or by crystallization at elevated 

30 temperature followed by controlled cooling, preferably in stages. 
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Seeds may be used to initiate, encourage or facilitate crystallization. The 
seeds may comprise the methanesulfonate salt e.g. in a crude form such as that 
obtained by evaporation of a solution or other salt such that is substantially - - : 
isomorphous with the paroxetine methanesulfonate crystals formed. Preferably the 
seeds are produced from a standard manufacturing run and typically have a purity in 
the range 96 to 99% or greater. 

Inadvertent seeding.may occur from^he^sunroundm^^ in 
poorly controlled crystallization. Preferably crystallization is controlled by deliberate 
seeding at an above ambient temperature and preferably from a solution that is not 
excessively supersaturated. Seeds may be added at any time before crystallization 
but preferably immediately before supersaturation of the paroxetine 
methanesulfonate salt. Careful control of precipitation, temperature and seeding may 
be used to improve the reproducibility of the production process and the particle size 
distribution and form of the product. 

In further aspects the present invention provides for the use of techniques 
such as insonation in the preparation of crystalline paroxetine methanesulfonate salt. 
Insonation and/or vigorous stirring may be used to initiate nucleation for example in 
addition to the use of anti-solvent(s), cooling, evaporation and/or seeding. Vigorous 
stirring is particularly useful when the crystallization vessel used has been used 
previously in the manufacture of the methanesulfonate salt. 

The methods provided herein provide crystalline paroxetine 
methanesulfonate in a sufficiently pure state for its use as a pharmaceutical per se or 
as a chemical intermediate in the preparation of other paroxetine forms. However 
the present invention also provides a method for the optional additional purification 
of paroxetine methanesulfonate by recrystallization. Such a method may also be 
used to provide a solid state form having a particular desired habit and particle size 
distribution. 

The same solvents and methods for crystallization as herein described can be 
used for recrystallization. The most commonly used solvents used for 
recrystallization are aromatic hydrocarbons e.g. toluene; alcohols such' as C|.g 
alkanols which may be straight* or branched chain e.g. methanol, ethanol and propan- 
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2-ol; esters such as Q.5 alkanoate esters such as ethyl acetate; halogenated 
hydrocarbons such as fluoro and/or chloro C mo alkanes e.g. dichloromethane and 
ketones e.g. acetone and butanone.? Mixtures of solvents-may also be used e.g. 
mixtures containing water. A particularly useful solvent, both with respect to its 
5 pharmaceutical acceptability and the quality of the resulting paroxetine 

methanesulfonate is propan-2-ol. Use of certain solvents and/or solvent mixtures 
e.g. those containing .propanr2?ol, avoids problems of oiling, i:e; formation of a soft 
sticky product. In addition difficulties in stirring and adhesion of product to the 
container walls as well as problems associated with drying the product are avoided. 

10 Typically between 2 and 20 1/kg of solvent may be used for recrystallization on an 
industrial scale, preferably between 3 and 10 1/kg. 

The abovementioned processes for preparing the paroxetine 
methanesulfonate salt may be carried out in various types of reaction vessels. The 
crystallisation of paroxetine methanesulfonate salt suitable for use as a 

15 pharmaceutical may be carried out in a vessel such as a stirred tank reactor, which 
may be constructed from glass-lined or stainless steel, fitted with baffles and one or 
more jackets, to control the temperature profile during crystallisation. Alternatively, 
the crystallisation may be carried out in a specially designed batch crystalliser, in 
which fine control of the crystallisation conditions can be maintained. Suitable 

20 batch crystallisers include draft tube baffled (DTB) crystallisers, double propeller 

(DP) crystallisers and fluidised bed crystallisers (Oslo cooling crystallisers). Various 
continuous crystallisers, such as draft tube cooling, direct contact cooling, scraped 
surface and turbulence crystallisers may also be employed.,. 

Suitably crystallization is carried out in a vessel provided with one or 

25 more high intensity ultrasonic horns, for example with titanium alloy 
resonant horns which enable acoustic energy to be coupled to the 
crystallizing medium at a frequency of 20 kHz and an amplitude of 12 
microns or more, and with a device that modifies the power output 
according to the acoustic parameters of the load. Insonation may be 

30 intermittent, limited to part of the apparatus, or discontinued once sufficient 
nuclei have been' generated/ : : : ' ~* * . - •„ • - - . 
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The solvent wet cake, comprising paroxetine methanesulfonate, 
recovered from the crystallization and recrystallization processes described 
herein may be dried so as to give the desired moisture content for the salt 
form. Drying may be effected by using one or more dryers e.g. a 
conventional drying oven, a filter dryer or a stirred pan dryer. Suitably the 
drying temperature may vary from below ambient to 80°C and a typical 
drying cycle may take 12-24 hours. Alternative drying methods, e.g. using a 
microwave oven, may also be used. Advantageously such a method enables 
more accurate temperature control and drying times may be reduced 
considerably e.g. a typical drying cycle may take 2-6hours, depending upon 
the quantity of material to be dried and the microwave power used. 

In a further aspect the present invention provides the paroxetine 
methanesulfonate salt in a crystalline form having an X-ray powder diffraction 
pattern identical or substantially identical to that listed under Example 2 or Example 
3 below. Suitably the crystalline paroxetine methanesulfonate has inter alia one or 
more of the following characteristic XRD peaks: 8.3, 10.5, 15.6, 16.3, 17.7, 18.2, 
19.8, 20.4, 21.5, 22.0, 22.4, 23.8, 24.4, 25.0, 25.3, 25.8, 26.6, 30.0, 30.2, and 31.6 
±0.2 degrees 2 theta. 

In a further aspect the present invention provides the paroxetine 
methanesulfonate salt in a crystalline form having an infra-red spectrum identical or 
substantially identical to that listed under Example 2 or Example 3 below. Suitably 
the crystalline paroxetine methanesulfonate has inter alia one or more of the 
following characteristic IR peaks: 1603, 1513, 1 194, 1045, 946, 830, 776, 601, 554, 
and 539 ± 4 cm-1. 

Crystals of the present invention may have a range of particle sizes. 
Typically the particle size is distributed over a range. Suitably more than 90% of the 
particles have a size of 1 to 1000 microns and preferably are within the range 50 to 
300 microns, as measured by Low Angle Laser Light Scattering (LALLS) using a 
Sympatec Helos/Rodos instrument. 

Typically methanesulfonate salts produced in the present invention have a 
melting point greater than 143°C, e.g. having a melting point of 143 to 146°C, 
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preferably within the range from 144 to 148°C, more preferably greater than 144°C, 
e.g. 145 to 146°C, 147 to 148°C, or 146 to 148°C. . 

The paroxetine methanesulfonate salt may be obtained as a solvate, when 
during isolation from solution it becomes associated with the solvent in which it is 
5 dissolved. Any such solvate forms a further aspect of this invention e.g. 

crystallization of paroxetine methanesulfonate from acetonitrile results in the 
formation of a 1:1 solvate. - - 

Solvates may be returned to the unsolvated paroxetine methanesulfonate salt 
by heating, for example by oven-drying, or by treatment with a displacement solvent 
10 which does not form a solvate. 

Individual polymorphs are preferably crystallized directly from a solution of 
the paroxetine methanesulfonate salt, although recrystallizing a solution of one 
polymorph using seeds of another polymorph may also be carried out. 

The compounds of this invention may be used to treat and prevent the 
15 following disorders: 



Alcoholism . 
Depression 
Panic Disorder 
20 Obesity 
Migraine 
Anorexia 

Pre-Menstrual Syndrome (PMS) . 
Trichotillomania 
25 Substance Abuse 



Anxiety 

Obsessive Compulsive Disorder 

Chronic Pain 

Senile Dementia 

Bulimia 

Social Phobia 

Adolescent Depression 

Dysthymia 



These disorders are herein after referred to as "the Disorders". 
The present invention further provides a method for treating and/or 
preventing any one or more of the Disorders by administering an effective and/or 
30 prophylactic amount of a salt of the invention to a sufferer in need thereof. 
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The present invention further provides a pharmaceutical composition for use 
in the treatment and/or prevention of the Disorders which comprises an admixture of 
a salt of the invention with a pharmaceutical^ acceptable carrier. 

The present invention also provides the use of a salt of the invention for 
5 treating and/or preventing the Disorders. 

The present invention also provides the use of a salt of the invention in the 
manufacture of a medicament for treating and/or preventing the Disorders. 

Most suitably the present invention is applied to the treatment of depression, 
OCD and panic. 

10 The compositions of this invention are usually adapted for oral 

administration, but formulations for dissolution for parental administration are also 
within the scope of this invention. 

The composition is usually presented as a unit dose composition containing 
from 1 to 200mg of active ingredient calculated on a free base basis, more usually 

15 from 5 to lOOmg, for example 10 to 50mg such as 10, 12.5, 15, 20, 25, 30 or 40mg 
by a human patient. Most preferably unit doses contain 20mg of active ingredient 
calculated on a free base basis. Such a composition is normally taken from 1 to 6 
times daily, for example 2, 3 or 4 times daily so that the total amount of active agent 
administered is within the range 5 to 400mg of active ingredient calculated on a free 

20 base basis. Thus a suitable daily dose is from 0.05 to 6mg/kg, more preferably 0. 14 
to 0.86 mg/kg. Most preferably the unit dose is taken once a day. 

Preferred unit dosage forms include tablets or capsules, especially a modified 
oval or pentagonal shaped tablet. 

The compositions of this invention may be formulated by conventional 

25 methods of admixture such as blending, filling and compressing. 

For example tablets can be produced by a wet granulation process. Suitably 
the active drug substance and excipients are screened and mixed in a high shear 
mixer granulator. The blend is granulated by the addition of a granulating solution 
(typically purified water, disintegration agent dissolved/dispersed in purified water, 

30 or drug dissolved/dispersed in purified water or a suitable solvent) sprayed into the 
high shear mixer granulator. If desired wetting agents e.g. surfactants can be added. 

14 
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The resulting granules are dried usually with residual moisture of 1-5 % by tray, 
fluid bed or microwave drying techniques. The dried granules are milled to produce 
a uniform particle size, the granules are blended with extragranular excipients as 
necessary, typically a lubricant and glidant (e.g. magnesium stearate, silicon 
5 dioxide). The compression blend can be compressed using a rotary tablet press 

typically in the range of 100 to lOOOmg. The resulting tablets can be coated in a pan 
coater typically with a 1-5% aqueous film coat. ...... 

Alternatively tablets can be produced by a direct compression process. 
Suitably the active drug substance and excipients are screened and mixed in a 

10 suitable blender e.g. a cone, cube or V- blender. Other excipients are added as 

necessary, and further blended. The compression blend can be compressed using a 
rotary tablet press typically in the range of 100 to lOOOmg. The resulting tablets can 
be coated in a pan coater. 

Suitably capsules can be produced by screening and mixing the active drug 

15 substance and excipients in a suitable blender e.g. a cone, cube or V- blender. Other 
excipients are added as necessary, typically a lubricant and glidant, and the mixture 
blended. The blend is filled into capsules with a fill weight typically ranging from 
100- lOOOmg using a standard capsule filling machine. 

Suitable carriers for use in this invention include a diluent, a binder, a 

20 disintegrant, a colouring agent, a flavouring agent and/or preservative. These agents 
may be utilized in conventional manner, for example in a manner similar to that 
already used for marketed anti-depressant agents. 

Suitably the carrier for use in this invention comprises a disintegrant. By way 
of example only, suitable disintegrants may be selected from alginic acid, 

25 carboxymethylcellulose calcium, carboxymethylcellulose sodium, colloidal silicon 
dioxide, croscarmellose sodium, crospovidone, guar gum, magnesium aluminium 
silicate, microcrystalline cellulose, methyl cellulose, polacrilin potassium, 
pregelatinised starch, sodium alginate, sodium lauryl sulphate, sodium starch 
glycollate, starch, carmelose sodium, cationic exchange resins, modified starch, 

30 sodium glycine carbonate. 

15 
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Such disintegrant will be present in an effective amount, for example up to 
30% by weight of the composition, to ensure disintegration of the composition in 
vivo. ■ . . . : 

Suitably the carrier for use in this invention comprises a binder. 
5 Suitably the carrier for use in this invention comprises a colouring agent. 

Such colouring agent may be used to colour a tablet coating. Commonly 
used colouring agents are lakes' which are largely water insoluble forms of synthetic 
water soluble dyes. They are prepared by adsorbing a sodium or potassium salt of a 
dye onto a very fine substrate of hydrated alumina, followed by treatment with a 
10 further soluble aluminium salt. The lake is then purified and dried. Examples of 
suitable lakes include yellow coloured lakes such as sunset yellow and quinoline 
yellow; red coloured lakes e.g. helindone pink; blue coloured lakes e.g. indigotine; 
or mixtures thereof. Suitably compositions of the present invention comprise an 
amount of colouring agent sufficient to colour the dosage form e.g. 0.001-1.0%w/w. 
15 Suitably the carrier for use in this invention comprises a flavouring agent. 

Suitably the carrier for use in this invention comprises a preservative. 
Specific examples of pharmaceutical compositions include those described 
EP-B-0223403, and US 4,007,196 in which the products of the present invention 
may be used as the active ingredients. 
20 In a further aspect the present invention provides a pack comprising a 

pharmaceutical composition of the present invention. 

This invention provides the use of paroxetine methanesulfonate as an 
intermediate in the preparation of the hydrochloride and also provides a process 
which comprises converting paroxetine methanesulfonate into paroxetine 
25 hydrochloride. 

Paroxetine methanesulfonate and pharmaceutical compositions thereof are 
disclosed in US-A-5874447 (Synthon). The Synthon patent discloses 
pharmaceutical compositions that comprise a carrier or diluent, but is silent as to the 
kind of carrier or diluent which is suitable or that which maximizes the advantages 
30 of paroxetine methanesulfonate. 
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It has now been discovered that paroxetine methanesulfonate can be 
advantageously formulated with a water-soluble, or hydrophilic diluent.. 

Accordingly, in a further aspect of the present invention there is provided a 
composition comprising paroxetine methanesulfonate and a pharmaceutically 
5 acceptable carrier wherein the carrier comprises a water-soluble and/or hydrophilic 
diluent. 

The use of a water-soluble and/or hydrophilic diluent according to the 
present invention surprisingly enhances the dissolution rate of paroxetine 
methanesulfonate. 

10 Suitably the aqueous solubility of a water-soluble diluent at 20°C is at least 

0.005 mg/ml, preferably at least 0.01 mg/ml and more preferably at least O.lmg/ml, 
for example 0.2 mg/ml. Suitable water-soluble diluents include water-soluble 
carbohydrate diluents such as a sugar or starch diluents and mixtures thereof. 

Suitable hydrophilic diluents include carbohydrate hydrophilic diluents such 

15 as cellulose diluents. 

Carbohydrate diluents suitable for use in the present invention include 
compressible sugar, confectioner's sugar, dextrates, dextrin, dextrose, fructose, 
microcrystalline cellulose (such as different grades of Avicel, Emcocel, and Vivacel, 
e.g. Avicel PH101, Avicel PH 102, Emcocel 50M, Emcocel 90M, Vivacel 101, 

20 Vivacel 102), silicified microcrystalline cellulose (which is a mixture of colloidal 
silicon dioxide and microcrystalline cellulose such as Prosolv SMCC99), 
pregelatinised starch, powdered cellulose, lactose, maltodextrin, mannitol, sorbitol, 
sucrose, sugar spheres, lactitol, maltitol or xylitol or mixtures thereof. 

Suitably the diluents of the present invention may be present in an amount 

25 ranging from 1 to 99%, preferably 10 to 95%, more preferably 20 to 95%, and most 
preferably from 40 to 95%, for example 80 to 90% w/w of the composition. 

If desired the diluent of the present invention may be present in admixture 
with an additional diluent, such as calcium carbonate, calcium sulfate, dibasic 
calcium phosphate dihydrate, or dibasic calcium phosphate or a mixture thereof. 

30 Suitably such diluent admixture comprises at least 20% by weight (e.g. 30%, 40%, 
50%, 60%, 70%, 80%, or 90% by weight) of the water-soluble and/or hydrophilic 
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diluent. Preferably the water-soluble and/or hydrophilic diluent is present as the sole 
diluent. . . . ... w v V * 

Such advantageous compositions of the present invention may also include a 
binder, a disintegrant, a lubricant, a glidant, a surfactant, a colouring agent, and a 
5 flavouring agent as hereinbefore described. These agents may be utilized in a 
conventional manner, for example in a manner similar to that already used for 
marketed paroxetine formulations. Examples of such excipients are described in the 
Handbook of Pharmaceutical Excipients (Second Edition, 1994, edited by A. Wade 
and P. Weller, published by the American Pharmaceutical Association and the 
10 Pharmaceutical Press). 

Suitably the advantageous compositions of the present invention comprise up 
to 30% by weight of a disintegrant, preferably from 1 to 20%, more preferably from 
2 to 10% and even more preferably from 4 to 8% by weight of the composition. 

Examples of suitable disintegrants include those as hereinbefore described, in 
15 particular starch, methylcellulose, crospovidone, croscarmellose sodium and sodium 
starch glycollate and mixtures thereof. Preferably the disintegrant is sodium starch 
glycollate. 

The advantageous compositions of this invention may comprise paroxetine 
methanesulfonate in non-crystalline form, preferably in crystalline form, including 
20 any solvates or hydrates thereof. 

Paroxetine methanesulfonate exists in more than one crystalline form. For 
example W098/56787 (US-A-5874447) describes a crystalline form of paroxetine 
methanesulfonate having inter alia one or more of the following characteristic Infra 
Red (ER) peaks: 1208, 1 169, 1038, 962, 931, 838 and 546 cm" 1 . Another crystalline 
25 form of paroxetine methanesulfonate is as described in any one of Examples 1 to 4 
below having inter alia one or more of the following characteristic IR peaks: 1604, 
1 194, 1045, 946, 830, 601, 554 and 539 cm 1 . 

Suitably the advantageous compositions are usually presented as unit dose 
compositions containing from 1 to 200mg of active ingredient calculated on a free 
30 base basis, more usually from 5 to lOOmg, for example 10 to 50mg such as 10, 12.5, 
15, 20, 25, 30 or 40mg by a human patient. Most preferably unit doses contain 

18 
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20mg of active ingredient calculated on a free base basis. Such a composition is 
normally taken from 1 to 6 times daily, for example 2, 3 or 4. times daily so that the 
total amount of active agent administered is within the range 5 to 400mg of active 
ingredient calculated on a free base basis. Thus a suitable daily dose is from 0.05 to 
5 6mg/kg, more preferably 0. 14 to 0.86 mg/kg. Most preferably the unit dose is taken 
once a day. 

The compositions of this invention may be formulated by conventional 
methods of admixture such as blending, filling and compressing as hereinbefore 
described. 

10 The following Examples illustrate the present invention. All melting points 

quoted were determined using conventional melting point apparatus such as a Bushi 
apparatus, and were computed from a calibrated instrument. 
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Example 1 

A solution of paroxetine base in toluene (2.1 g in 5 ml) was mixed with a 
solution of methanesulfonic acid (0.6 lg) in toluene (15 ml), and stirred at 50°C for 
20 minutes. The solvent was removed in vacuo, and the residue triturated with 
5 diethyl ether (50 ml) to produce a crystalline solid, which was filtered, washed with 
diethyl ether (15 ml) and dried in a vacuum desiccator. 

Yield 2.62g. 
Example 2 

A solution of paroxetine base in toluene (42 g in 100 ml) was added to a 
10 solution of methanesulfonic acid (12.2 g) in toluene (300 ml). The solution was 
stirred for 30 minutes at 50 °C, then the solvent was removed by evaporation at 
reduced pressure. The residue was triturated with diethyl ether (300 ml), and stirred 
at approximately 20°C to produce a white crystalline solid which was filtered, 
washed with diethyl ether (2 x 100 ml) and dried in a vacuum desiccator. 
15 Yield 54.55 g. m. p. 143 - 146°C. 

IR nujol mull: 

Bands at inter alia 1603/1513, 1462, 1377, 1194, 1045, 946, 830, 776, 601, 554, 
20 539cnrl. 

The same characterising IR bands are found when using KBr discs except for the 
1462 and 1377 bands which are characteristic of nujol. 

X-ray powder diffractogram major peaks (CuK2 a )- 
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Example 3 

A mixture of methanesulfonic acid (13.7 g) dissolved in toluene (400 ml) and 
a solution of paroxetine base (47.0 g) in toluene (100 ml), obtained directly from the 
5 base hydrolysis of the N-phenoxycarbonyl intermediate, was evaporated at reduced 
pressure at 18°C. The resulting white, non-crystalline solid was triturated with 
diethyl ether to give paroxetine methanesulfonate as a white crystalline solid. The 
product was collected by filtration and dried overnight in a vacuum desiccator over 
phosphoric oxide. Yield = 56.8 g. Proton nuclear magnetic resonance 
10 spectroscopy showed that the molar ratio of paroxetine to methanesulfonic acid was 
1:1. 

IR (nujol mull): Bands at, inter alia, 1638, 1614, 1603, 1513, 1499, 1399, 1377, 
1278, 1254, 1194, 1163, 1145, 1132, 1103, 1095, 1046, 1034, 1010, 946, 927,916, 
870, 845, 830, 822, 787, 776, 766, 721, 601, 572, 554, 539, 529, 514 cnr*. 

15 IR (attenuated total reflection): Bands at, inter alia, 1637 1614, 1603, 1512, 1498, 
1469, 1399, 1277, 1254, 1192, 1163, 1145, 1132, 1094, 1076, 1045, 1032,946, 926, 
916, 870, 845, 829, 822, 809, 787, 775, 766, 721, 600, 572, 554 cm" 1 . 
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X-ray diffractogram major peaks (Cu K2ot): 
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Angle [029] 


Rel. Int [%] 
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Example 4 

A round bottomed flask was charged with a solution of paroxetine base (23.5 
g) in toluene (50 ml), obtained directly from the base hydrolysis of the N- 
phenoxycarbonyl intermediate, and the toluene was removed by evaporation at 
reduced pressure. The residue was dissolved in propan-2-ol (150 ml) with gentle 
warming, and the solution cooled to 18°C. Methanesulfonic acid (6.86 g) was 
added, and the solution stirred at 18°C. Seeds of crystalline paroxetine 
methanesulfonate were added, and the mixture was ultrasonicated. After about 1 
minute, a dense crystalline precipitate formed, which was allowed to stand for 20 
minutes. The product, paroxetine methanesulfonate, was collected by filtration and 
dried over phosphoric oxide in a vacuum desiccator. 

Yield 29.8 g Melting point = 145-146°C 

The infra-red spectrum and X-ray powder diffractogram were the same as in 
Example 3. 
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JR (KBr disc): Bands at, inter alia, 3006, 1638, 1614, 1604, 1513, 1499, 1469, 1422, 
1399, 1358, 1336, 1278, 1194, 1163, 1144, 1132, 1095, 1091, 1045, 1034, 940, 927, 
916, 870, 830, 822, 787, 776, 766, 601, 572, 554, 539, 529, 514cm-l. 

Example 5 

5 A solution of paroxetine base (4.7 g) in toluene (40 ml), obtained directly 

from the base hydrolysis of the N-phenoxycarbonyl intermediate, was stirred at 18°C 
and methanesulfonic acid (0.93 ml) was added dropwise. Seeds of crystalline 
paroxetine methanesulfonate were added and the mixture was treated with 
ultrasound. After a short time, crystalline paroxetine methanesulfonate precipitated 
10 from solution, and the mixture was left to stand overnight. The product was 
collected by filtration and dried under vacuum. 

Example 6 

Unpurified paroxetine base (4.7 g) was dissolved in tetrahydrofuran (10 ml) 
with gentle warming. Methanesulfonic acid (1.37 g) was added dropwise to the 
15 stirred solution and the clear mixture cooled to 18°C. After five minutes, seeds of 
crystalline paroxetine methanesulfonate were added, and the mixture was insonated. 
Crystalline paroxetine methanesulfonate precipitated from solution, and the mixture 
was left to stand overnight. The product was collected by filtration and dried under 
vacuum. 

20 Example 7 

Unpurified paroxetine base (4.7 g) was dissolved in butanone (50 ml), and 
methanesulfonic acid (1.37 g) was added dropwise. Seeds of crystalline paroxetine 
methanesulfonate were added to the stirred solution, and the clear mixture was 
insonated. After a short while, crystalline paroxetine methanesulfonate precipitated 
25 from solution, and the mixture was left to stand overnight. The product was 
collected by filtration and dried under vacuum. 
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Example 8 

Propan-2-ol (40 ml) was added at 19°C under a.nitrogen atmosphere to a 
stirred solution of paroxetine base (8.0 g) in toluene (20 ml), obtained directly from 
the base hydrolysis of the N-phenoxycarbonyl intermediate. Methanesulfonic acid 
(2.45 g) was added to the solution and stirring was continued for one hour. A white 
crystalline solid formed and was collected by filtration, washed with propan-2-ol (15 
ml) and dried at 40°C under vacuum for one hour to produce crystalline paroxetine 
methanesulfonate, 8.8 g (85%). 

IR (nujol mull): bands at inter alia 1638, 1603, 1513, 1377, 1278, 1 194, 1093, 1045, 
1033, 946, 927, 830, 786, 776, 722, 601, 554, 540 cm -1 

Example 9 

Acetone (40 ml) was added at 19°C under a nitrogen atmosphere to a stirred 
solution of paroxetine base (8.0 g) in toluene (20 ml), obtained directly from the 
base hydrolysis of the N-phenoxycarbonyl intermediate. Methanesulfonic acid (2.45 
g) was added to the solution and stirring was continued for one hour. The white 
crystalline solid which separated from the solution was collected by filtration, 
washed with acetone (15 ml) and dried at 40°C under vacuum for one hour to 
produce crystalline paroxetine methanesulfonate, 9.7 g (94%). 

IR (nujol mull): bands at inter alia 1638, 1603, 1513, 1377, 1278, 1194, 1093, 1046, 
1033, 946, 927, 830, 786, 776, 722, 601, 554, 540 cm' 1 

Example 10 

Methanesulfonic acid (2.45 g) was added at 19°C under a nitrogen 
atmosphere to a solution of paroxetine base (8.0 g) in toluene (50 ml), obtained 
directly from the base hydrolysis of the N-phenoxycarbonyl intermediate, and the 
mixture was stirred for one hour. A white crystalline solid separated from the 
solution and was collected by filtration, washed with toluene (10 ml) and dried at 
40°C under vacuum for one hour to produce paroxetine methanesulfonate, 9.6g 
(93%). 
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ER(nujol mull): bands at inter alia 1638, 1603, 1513, 1377, 1278, 1194, 1094, 1046, 
1033, 946, 927, 830, 786, 776, 722, 601, 554, 540 cm* 1 

Example 11 

A stirred mixture of N-phenoxycarbonyl paroxetine (19.4 g), potassium 
5 hydroxide (17.5 g) and toluene (300 ml) was heated to reflux under a nitrogen 

atmosphere for 3 hours. The mixture was cooled to room temperature, washed with 
water (200 ml) and the organic layer separated, dried over magnesium sulphate and 
concentrated to a total volume of approximately 80 ml. Methanesulfonic acid (4.35 
g) was added to the solution and the mixture stirred for one hour. The white 
10 crystalline solid which crystallised during this time was collected by filtration, 
washed with toluene (20 ml) and dried at 40°C under vacuum for one hour to 
produce paroxetine methanesulfonate, 16.7 g (91%). 

IR(nujol mull): bands at inter alia 1638, 1603, 1513, 1377, 1278, 1194, 1094, 1046, 
1033, 946, 927, 830, 786, 776, 722, 601, 554, 540 cm* 1 

15 Example 12 

A round bottomed flask was charged with a solution of paroxetine base (23.5 
g) in toluene (50 ml), obtained directly from the base hydrolysis of the N- 
phenoxycarbonyl intermediate. The toluene was removed in vacuo to produce an 
oily residue. To this residue was added propan-2-oI (50 ml) and the mixture was 

20 warmed to ensure total dissolution of the paroxetine. The temperature of the 

solution was cooled to 18°C and methanesulfonic acid (6.86 g) was added, then the 
solvents were removed at reduced pressure and replaced with fresh propan-2-ol (110 
ml). The solution was heated to reflux temperature, cooled to 18°C, and seeded with 
crystalline paroxetine methanesulfonate. Crystallisation was induced with vigorous 

25 stirring and insonation, and the product collected by filtration, and dried over 
phosphorus pentoxide in a vacuum desiccator to produce paroxetine 
methanesulfonate as a white crystalline solid. 

Melting point = 145-146°C 
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The infra-red spectrum and X-ray powder diffractogram were the same as in 
Example 3. 

Example 13 

Paroxetine methanesulfonate (0.7 g) was added to ethanol (2 ml), stirred and 
5 heated to reflux temperature to dissolve. The resulting solution was cooled to 18°C 
and seeded with crystals of paroxetine methanesulfonate. A white precipitate of 
needle crystals formed, which was collected by filtration, washed with ethanol and 
dried in vacuo over phosphorous pentoxide to produce crystalline paroxetine 
methanesulfonate. 

10 Yield = 0.52 g. Melting point : 146-147°C 
Example 14 

Paroxetine methanesulfonate (0.95 g) was added to acetone (10 ml) and the 
solution heated to reflux temperature while stirring. The solution was cooled to 
18°C and seeded with crystals of paroxetine methanesulfonate. A white precipitate 
15 of needle crystals formed, and was collected by filtration, washed with acetone and 
dried in vacuo over phosphorous pentoxide to produce crystalline paroxetine 
methanesulfonate. Yield = 0.7 1 g 

Melting point : 146-148°C 

The infra-red spectrum and X-ray powder diffractogram were the same as in 
20 Example 3. 
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Example 15 

Paroxetine methanesulfonate (1.06 g) was added to ethyl acetate (70 ml) and 
the solution was heated to reflux temperature while stirring. The solution was 
cooled to 18°C and seeded with crystals of paroxetine methanesulfonate. A white 
5 precipitate of large needle crystals (0.4-1 mm in length) formed, and was collected 
by filtration, washed with ethyl acetate and dried in a vacuum desiccator over 
phosphorous pentoxide to produce crystalline paroxetine methanesulfonate. Yield = 
0.92g 

Melting point : 146-147°C 

10 The infra-red spectrum and X-ray powder diffractogram were the same as in 
Example 3. 

Example 16 

Paroxetine methanesulfonate ( 1 . 1 1 g) was added to toluene (4 ifll) and the 
solution was heated to reflux temperature while stirring. The resulting solution was 
15 cooled to 18PC and seeded with crystals of paroxetine methanesulfonate. A white 
precipitate of needle crystals formed, which was collected by filtration, washed with 
toluene and dried in a vacuum desiccator over phosphorous pentoxide to produce 
crystalline paroxetine methanesulfonate. 

The infra-red spectrum and X-ray powder diffractogram were the same as in 
20 Example 3. 

Example 17 

A toluene solution (1.0 L) containing unpurified paroxetine base 

(approximately 225 g) was charged to a nitrogen purged reactor and stirred at 20°C. 

The vessel was seeded with paroxetine methanesulfonate, then a solution of methane 

25 sulfonic acid (70 g) in propan-2-ol (0.4L) was added slowly over a period of 50 

minutes. Paroxetine methansulfonate was precipitated as a white crystalline solid 

during the addition, and the temperature at the end of the addition was 29.6°C. The 

suspension was stirred for a further 1 hour, during which time the temperature was 
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reduced to 22°C. The product was collected by filtration, washed on the filter with 
propan-2-ol (2 x 0.4 L) and dried in a vacuum oven at 40°C for 24 hours. Yield: 
230g 

Example 18 

5 Paroxetine methanesulfonate (0.8 1 g) was added to methyl ethyl ketone (10 

ml) and the mixture was heated to reflux temperature, while.stirring to dissolve, then 
cooled to 18°C. A white precipitate of needle crystals formed, which was collected 
by filtration, washed with methyl ethyl ketone and dried in a vacuum desiccator over 
phosphorous pentoxide to produce crystalline paroxetine methanesulfonate. 

10 The infra-red spectrum and X-ray powder diffractogram were the same as in 
Example 3. 

Example 19 

Paroxetine methanesulfonate (1.06 g) was added to butan-l-ol (2 ml) and the 
mixture was heated to reflux temperature while stirring to dissolve, then cooled to 
15 18°C. A white precipitate of needle crystals formed, which was collected by 

filtration, washed with acetone and dried in vacuo over phosphorous pentoxide to 
produce crystalline paroxetine methanesulfonate. 

The infra-red spectrum and X-ray powder diffractogram were the same as in 
Example 3. , 
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20 Example 20 

Paroxetine methanesulfonate (1.05 g) was added to tetrahydrofuran (9 ml) 
and the mixture was heated to reflux temperature while stirring to dissolve, then 
cooled to 18°C. A white precipitate of needle crystals formed, which was collected 
by filtration, washed with tetrahydrofuran and dried in a vacuum desiccator over 
25 phosphorous pentoxide to produce crystalline paroxetine methanesulfonate. 
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The infra-red spectrum and X-ray powder diffractogram were the same as in 
Example 3. 

Example 21 

A mixture of paroxetine methanesulfonate (5.0 g) and propan-2-ol (30 ml) was 
5 stirred and heated to 70°C to produce a clear solution. The solution was then cooled 
at a rate of 2°C per minute to 55°C and then seeded with crystals of paroxetine 
methanesulfonate. The mixture was held at this temperature for 10 minutes and then 
cooled to 20°C over a period of 35 minutes. The crystalline solid was collected by 
filtration, washed with propan-2-ol (10 ml) and dried at 40°C under vacuum for 2 
10 hours to produce paroxetine methanesulfonate, 4.5 g. 

Example 22 

A mixture of paroxetine methanesulfonate (5.0 g), toluene (55 ml) and acetone (30 
ml) was stirred and heated to 75°C to produce a clear solution. The solution was then 
cooled to 45°C over a period of 15 minutes at which point seed crystals of paroxetine 
15 methanesulfonate were added. The stirred mixture was held at 45°C for 10 minutes 
and was then cooled to 20°C over a period of 25 minutes. The crystalline solid was 
collected by filtration, washed with acetone (20 ml) and dried at 40°C under vacuum 
for 2 hours to produce paroxetine methanesulfonate, 4.2 g. 

Example 23 

20 A mixture of paroxetine methanesulfonate (5.0 g) and toluene (30vml)>was stirred 

and heated to 90°G to produce a clear solution. The solution was then cooled to 45°C 
over a period of 25 minutes. At this point the solution became cloudy and 
crystallization proceeded rapidly to produce a thick suspension. The cream coloured 
crystalline solid was collected by filtration, washed with toluene (10 ml) and dried at 

25 40°C under vacuum for 2 hours to produce paroxetine methanesulfonate, 4.7 g. 

Example 24 

A mixture of paroxetine methanesulfonate (5.0 g), propan-2-ol (30 ml) and water (1 
ml) was stirred and heated to reflux to produce a clear solution. The mixture was 
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cooled to 40°C and was seeded with crystals of paroxetine methanesulfonate. The 
stirred mixture was then cooled to 21°C over a period of 40 minutes to produce a 
thick suspension. The product was collected by filtration, washed with propan-2-ol 
(10 ml) and dried at 40°C under vacuum for 2 hours to produce paroxetine 
5 methanesulfonate (3.8 g) as a white crystalline solid. 

Example 25 

A solution of paroxetine free base (81.0 g) in toluene (500 ml) was prepared by 
treating a solution of N-phenoxycarbonyl paroxetine in toluene with potassium 
hydroxide, followed by washing with water, separation, drying over magnesium 

10 sulphate and concentration of the organic layer. Methanesulfonic acid (25.0 g) was 
added to the stirred solution, under a nitrogen atmosphere, at an initial temperature 
of 2 1°C and the mixture was allowed to rise to 45°C . The mixture was cooled to 
21°C over a period of 30 minutes and stirring continued for a further 30 minutes. 
The cream coloured crystalline solid was collected by filtration, washed with toluene 

15 and dried at 40°C under vacuum for 1 hour to produce paroxetine methanesulfonate, 
104.5 g. 

A 90g portion of this material was recrystallized from propan-2-ol using a computer 
controlled automated reactor system according to the following procedure: 

Paroxetine methanesulfonate (90 g) and propan-2-ol (500 ml) were charged to a 
20 computer controlled 1-litre reactor equipped with a thermostatic jacket, an internal 
temperature probe and an overhead motor driven agitator. The reactor was 
programmed to use the external thermostatic jacket to enable specific control of the 
internal reaction temperature over a given period of time. The mixture was stirred at 
a rate of 100 rpm and heated to 70°C over a period of 50 minutes and maintained at 
25 that temperature for 10 minutes to produce a clear solution. The solution was then 
stirred and cooled at a rate of 1°C per minute for 25 minutes at which point seed 
crystals were added. The stirred mixture was then cooled at a rate of 1°C per minute 
for a further 25 minutes. The resulting suspension was drained from the reactor and 
the solid isolated by vacuum filtration. The filter cake was washed with propan-2-ol 
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(100 ml) and the product dried at 40°C under vacuum for 2 hours to produce 
paroxetine methanesu^ solid, 82.8 g. 

Example 26 

Paroxetine methanesulfonate (2.47 g) was dissolved in acetonitrile (10 ml), and the 
5 solution was brought to reflux temperature with vigorous stirring. The solution was 
subsequently cooled to -78°C. After a short period crystallisation occurred at the 
bottom of the flask. After a further half-hour, the product was collected by filtration 
and dried in a vacuum desiccator over phosphorous pentoxide. The following data 
indicated that the product formed was crystalline paroxetine methanesulfonate 
10 acetonitrile solvate. 

Yield = 2.58 g 

Molar ratio of paroxetine to methanesulfonic acid =1:1 

Acetonitrile content (estimated by NMR) 8.5% wt/wt. 

IR (attenuated total reflectance): 

15 Bands at inter alia 2550, 1624, 1606, 1512, 1488, 1471, 1418, 1377, 1335, 1270, 
1207, 1180, 1159, 1141, 1098, 1076, 1039, 1028, 1011, 987, 968, 951, 922, 867, 
844, 774, 719, 670, 613, 579 cm'l. 

IR (nujol mull): 

Bands at inter alia 2549, 2247, 1623, 1514, 1489, 1470, 1418, 1377, 1336, 1270, 
20 1209, 1182, 1162, 1098, 1042, 1028, 1012, 987, 922, 845, 832, 813, 792, 776, 720, < 
671, 614, 580, 552, 537, 524 cm' 1 . 
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X-ray powder diffractogram major peaks (Cu K2oc): 
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Example 27 

Paroxetine methanesulfonate (6.37 g) was dissolved in acetonitrile (70 ml), and the 
solution was brought to reflux temperature with vigorous stirring. The solution was 
5 subsequently cooled to 45°C. After 1 hour the clear solution was seeded with 
paroxetine methanesulfonate seeds obtained in Example 26, Jtfid treated with 
ultrasound. During insonation, rapid crystallisation took place. The resulting 
precipitate was further diluted with acetonitrile (100 ml) and after a further half hour 
of standing at 45°C, paroxetine methanesulfonate acetonitrile solvate was collected 
10 by filtration, washed with acetonitrile and dried in a vacuum desiccator over 
phosphorous pentoxide. 

Yield = 7.3 g 

ER and X-ray powder diffraction patterns similar to those obtained in Example 26. 

Molar ratio of paroxetine to methanesulfonic acid = 1:1 

15 Acetonitrile content (estimated by NMR) 7.9% wt/wt. 

A small sample was placed in a vacuum desiccator over a period of 24 hours. NMR 
analysis of the resulting product indicated the presence of 6.4% acetonitrile. 

DSC (open pan): rate of heating 10.0°C/min, paroxetine methanesulfonate 
acetonitrile solvate 2.036 mg. 
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endotherm peak maximum at 77.8°C 

exotherm peak maximum at 85.0°C - ~ - :: : 

endotherm peak maximum at 92.8°C 

endotherm peak maximum at 148. 5°C 

5 DSC (closed pan): rate of heating 10.0°C/min, paroxetine methanesulfonate 
acetonitrile solvate 2.315 mg. 

endotherm peak maximum at 68.0°C 

exotherm peak maximum at 85°C 

endotherm peak maximum at 92.1 °C 

10 endotherm peak maximum at 134.7°C 

endotherm peak maximum at 148.8°C 

Example 28 

Paroxetine methanesulfonate (2.22 g) was dissolved in acetonitrile (25 ml) and the 
15 solution was brought to reflux temperature with stirring. The solution was 

subsequently cooled to 45°C and seeded with paroxetine methanesulfonate seeds 
obtained in Example 26. After 2 hours the solution was cooled to 18°C and after a 
further short period the clear solution began to crystallise. Paroxetine 
methanesulfonate acetonitrile solvate was collected by filtration in an inert 
20 atmosphere, washed with acetonitrile and dried in a vacuum desiccator over 
phosphorous pentoxide. 

Yield = 2.6 g 

Molar ratio of paroxetine to methanesulfonic acid =1:1 
Acetonitrile content .(estimated by NMR) 7.4% wt/wt. 



25 



IR and X-ray powder diffraction patterns similar to those obtained in example 26. 
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Example 29 

A round-bottomed flask was charged with a solution of paroxetine base.( 10.37 g) in 
toluene (24 ml). The toluene was removed at reduced pressure to produce an oily 
residue. The residue was diluted with acetonitrile (150 ml) and the solution was 
5 heated to reflux temperature. Seed crystals of paroxetine methanesulfonate 
acetonitrile solvate were added, followed by the dropwise addition of 
methanesulfonic acid (2.1 ml). The temperature of the solution was cooled to 45°C 
and the mixtures insonated for 5 minutes. Crystallisation occurred and the contents 
of the flask were further diluted with acetonitrile (100 ml). Paroxetine 
10 methanesulfonate acetonitrile solvate was collected by filtration under an argon 

atmosphere, washed with acetonitrile and dried in a vacuum desiccator containing 
phosphorus pentoxide to produce a white crystalline solid. 

Yield 1 1.3 g 

Molar ratio of paroxetine to methanesulfonic acid =1:1 

15 Acetonitrile content (estimated by NMR) 10.2% wt/wt. 

A small sample was placed in a vacuum desiccator over a period of 24 hours. NMR 
analysis of the resulting product indicated the presence of 8.0% acetonitrile. 

.. Example 30 

Paroxetine methanesulfonate (3.61 g) was dissolved in acetonitrile (10 ml), and the 
20 solution was brought to reflux temperature with vigorous stirring. The solution was 
subsequently cooled to 0°C. After a short period the clear solution was seeded with 
paroxetine methanesulfonate seeds obtained in Example 26. A crystalline precipitate 
of paroxetine methanesulfonate acetonitrile solvate formed rapidly, and was 
collected by filtration in an argon atmosphere, washed with acetonitrile and dried in 
25 a vacuum desiccator over phosphorous pentoxide. 

Yield = 4.1 g 
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Molar ratio of paroxetine to methanesulfonic acid =1:1 
Acetonitrile content (estimated by NMR) 9.4% wt/wt. 

JR and X-ray powder diffraction patterns similar to those obtained in example 26. 
Example 31 

5 A solution of unpurified paroxetine free base (162 g) in toluene (1.0 litre) 
was charged to a nitrogen purged reactor, stirred at 20.5°C, and the pale 
straw coloured mixture seeded with crystals of paroxetine 
methanesulfonate. A solution of methanesulfonic acid (50.0 g) in propan- 
2-ol (250 ml) was introduced in a fine stream with good agitation over a 
10 period of 5 minutes, giving a reaction temperature of 32.9°C. The mixture 
was cooled to 25°C over 1.5 hours, during which the bulk of the product 
crystallised in a controlled manner. The mixture was further cooled to 
21°C, and the dense white crystalline product filtered, and washed with 
propan-2-ol (250 + 100 ml) and dried as described below. 

15 The sol vent- wet cake (262 g) was placed in a Pro-C-epT Mini- 
Microwave -Processor equipped with a condenser, and purged with 
nitrogen. The chamber temperature was set to 25°C, the cake agitated at 
25 rpm, and microwave radiation was applied at 100 watts at 100 mbar 
pressure. The temperature of the product rose to 32°C, and solvent was 

20 collected in the receiver at a steady rate. After 30 minutes the product 
temperature had risen to 35°C and solvent condensation had ceased, 
indicating that drying was complete. This was confirmed by the 
application of full vacuum to the system, which resulted in no drop in the 
temperature of the product. A total of 72 g of solvent was collected. 

25 Analysis of the white crystalline product by NMR showed that the 

residual propan-2-ol level was less than 0.1% wt/wt, arid analysis by X- 
ray powder diffraction gave a diffractogram which was the same as that 
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for Example 3. Analysis by HPLC showed that the product was very pure 
(99.45 % PAR), with a very significant improvement in the impurity 
profile over the free base used in the preparation of the methanesulfonate 
salt: 



Impurity profile by PAR (peak area ratio). 
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Example 32 

Paroxetine methanesulfonate (4.72 g) was added to water (4 ml) with stirring and the 
mixture was heated to reflux temperature. The resulting solution was cooled to 
5 18°C and after evaporation of some solvent slowly crystallised to give an off-white 
precipitate. After 8 days the precipitate was collected by filtration under an argon 
atmosphere and dried in a vacuum desiccator over phosphorous pentoxide to yield 
crystalline paroxetine methanesulfonate. 

Yield = 1.9 g 

10 X-ray powder diffractogram consistent with Example 3 
Example 33 

Paroxetine methanesulfonate (2.59 g) was added to a mixture of acetonitrile (24 ml) 
and water (1 ml) and the mixture was heated to reflux temperature with stirring. On 
cooling the solution a white precipitate formed, which was collected by filtration, 
15 washed with acetonitrile and dried in a desiccator over phosphorous pentoxide to 
give crystalline paroxetine methanesulfonate acetonitrile solvate. 

Yield = 1.5 g 

Molar ratio of paroxetine to methane sulfonic acid =1:1 
IR attenuated total reflection: 
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Bands at 2549, 1622. 1514, 1487, 1471, 1417, 1377, 1336, 1270, 1207, 1180, 1160, 
1142, 1098, 1077,1040, 1027, 101 h- 987, -921, 867, 844, 830, 792,774, 718, 670, 
613, 579 cm-1. • ' 

Example 34 

Paroxetine methanesulfonate (2.89 g) was added, with stirring, to acetonitrile 
containing 1% water (25 ml), and the mixture was heated to reflux temperature. The 
resulting solution was cooled to room temperature (18°C) whereupon a white solid 
precipitated. The precipitate was collected by filtration, washed with acetonitrile 
and dried in a desiccator over phosphorous pentoxide to yield crystalline paroxetine 
methanesulfonate acetonitrile solvate. 

Yield = 2.1 g 

Molar ratio of paroxetine to methane sulfonic acid =1:1 

IR attenuated total reflection: Bands at 2548, 1623, 1513, 1487, 1471, 1418, 1377, 
1336, 1270, 1207, 1180, 1159, 1142, 1098, 1040, 1027, 1011, 987, 921, 867, 845, 
831, 791, 774, 718, 670, 613 cm-1. 
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Example 35 

Paroxetine base (1 1.74 g), which had been obtained from the hydrolysis of the - 
phenyl carbamate precursor, was stirred in ethylacetate (50 ml) and the mixture was 
gently heated to ensure total dissolution. The hot solution was cooled to 35°C, then 
5 methanesulfonic acid (2.3 ml) was added dropwise. The solution was cooled, 

extracted with water (3 x 70 ml), and the aqueous extracts combined. Most of the 
water was removed by evaporation under reduced pressure, then toluene was added 
and the evaporation repeated to remove residual water as an azeotrope. The oily 
residue was dissolved in propan-2-ol (20 ml), heated to reflux temperature to 
10 dissolve, then cooled to give a white precipitate. This precipitate was collected by 
filtration, washed with propan-2-ol and dried in a vacuum desiccator over 
phosphorus pentoxide to yield crystalline paroxetine methanesulfonate. 

Yield = 10.3g 
15 Example 36 

A round bottomed flask was charged with a solution of paroxetine base (8.6 g) in 
toluene (100 ml), which had been obtained from the hydrolysis of the phenyl 
carbamate precursor, and methanesulfonic acid (1.86 ml) was added dropwise. The 
resulting clear solution was placed into a separating funnel, and extracted with water 

20 (3 x 100 ml). The aqueous extracts were combined and evaporated under reduced 
pressure, then toluene was added and the evaporation repeated to remove residual 
water as an azeotrope, to produce a crisp solid. The solid was dissolved in toluene 
(60 ml) by heating to 70°C and maintained at that temperature. After 3 hours the 
precipitate that had formed was collected by filtration under an atmosphere of 

25 nitrogen, washed with toluene and dried in a vacuum desiccator over phosphorus 
pentoxide to yield crystalline paroxetine methanesulfonate. 

Yield = 7.1g 



44 



P32151-1 



Example 37 

A mixture of the N-benzyl. derivative of paroxetine methanesulfonate (3.0 g), 10% .. 
palladium on carbon catalyst (150 mg) and propan-2-ol (60 ml) was stirred under an 
atmosphere of hydrogen (pressure 1 atm) at 60°C for 5.5 hours. The warm mixture 
5 was filtered through celite and the filter cake washed with propan-2-ol (30 ml). The 
volume of the filtrate was reduced to 20 ml by evaporation under reduced pressure 
and the solution was stirred at 21°G under a nitrogen atmosphere for 1 hour. A white 
crystalline product formed and was collected by filtration, washed with cold propan- 
2-ol (2x5 ml) and dried at 40°C under vacuum for 2 hours to give paroxetine 
10 methanesulfonate, 1.85g (75%). 

Example 38 

Methanesulfonic acid (2.5 ml) in propan-2-ol (30 ml) was added 
dropwise to a stirred solution of paroxetine acetate (13.6 g) in propan-2-ol 

15 (130 ml) at 50°C. The solution was cooled to 40°C, seeded with 

crystalline paroxetine methanesulfonate, sonicated and stirred for one 
hour while the product crystallised. The resulting solid was collected by 
filtration, washed with propan-2-ol (50 ml), and dried over phosphorus 
pentoxide in a vacuum desiccator to give crystalline paroxetine 

20 methanesulfonate as a crystalline white solid. 

Yield = 15.1 g 
Example 39 

25 Paroxetine maleate form B (1.89 g) was dissolved in warm propan-2-ol 
(50 ml) and a solution of methanesulfonic acid (0.29 ml) in propan-2-ol 
(10 ml) was added. The solution was brought to reflux temperature, 
cooled to 30°C, seeded with crystalline paroxetine methanesulfonate and 
sonicated. Crystallisation rapidly occurred. The thick suspension was 

30 diluted with propan-2-ol (20 ml), and the precipitate was collected by 
filtration, washed with propan-2-ol (30 ml) and dried over phosphorus 
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pentoxide in a vacuum desiccator to yield crystalline paroxetine 
methanesulfonate; • - - . ~ 

Yield = 1.4 g 

5 

Example 40 

Methanesulfonic acid (0.4 ml) in propan-2-ol (10 ml) was added 
dropwise to a stirred solution of paroxetine maleate form A (2.95 g) in 
propan-2-ol (40 ml). The reaction was brought to reflux temperature, 
10 cooled to 30°C, seeded with crystalline paroxetine methanesulfonate, and 
sonicated. Crystallisation rapidly occurred. The crystals of paroxetine 
methanesulfonate were collected by filtration, washed with propan-2-ol 
(40 ml) and dried over phosphorus pentoxide in a vacuum desiccator. 

15 Yield = 2.1 g 

Example 41 

Paroxetine L(+) tartrate (18.5 g) was added to propan-2-ol (150 ml) and 
water (20 ml) and the mixture was brought to reflux temperature with 

20 stirring' to ensure total dissolution. The solution was cooled to 50°C and 
methanesulfonic acid (2.8 ml) in propan-2-ol (10 ml) was added. Propan- 
2-ol (60 ml) was added and solvent (170 ml) was removed by distillation. 
The clear yellow solution was seeded -with crystalline paroxetine 
methanesulfonate, sonicated, cooled to 0-5°C and a white precipitate 

25 formed. The solid was collected by filtration, washed with propan-2-ol 
(40 ml) and dried to yield crystalline paroxetine methanesulfonate. 

Yield = 4.4 g 
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Example 42 

Methanesulfonic acid (0.6 ml). in propan-2rol (25 ml) was added - 
drop wise to a stirred solution of paroxetine L(+) tartrate (4.99 g) in water 
(25 ml) at 50°C. After 1 hour, the solvents were removed at reduced 
5 pressure to afford a crisp solid. Propan-2-ol (25 ml) was added and the 
mixture was heated to reflux temperature, seeded with crystalline 
paroxetine methanesulfonate and cooled to 0-5°C to afford a white 
precipitate. The precipitate was collected by filtration, washed with 
propan-2-ol (30 ml) and dried in a vacuum desiccator to give crystalline 
10 paroxetine methanesulfonate. 

Yield = 1.9 g 

Example 43 

15 A round bottom flask was charged with unpurified paroxetine base (8.6 g) 
in toluene (20 ml) which had been prepared by potassium hydroxide 
hydrolysis of a phenylcarbamate derivative, and a solution of 
methanesulfonic acid (1.9 ml) in toluene (10 ml) was added dropwise. 
The resulting clear solution was placed into a separating funnel and 

20 extracted with water (30 ml). The aqueous phase was separated, residual 
toluene removed by evaporation at reduced pressure and the remaining 
clear solution (25 ml) was further diluted with water (40 ml). The water 
was removed by freeze drying to afford amorphous paroxetine 
methanesulfonate. 

25 

Yield = 9.1 g 

Infra-red (attenuated total reflection) 

Bands 2X:J605 f 1510, 1503, 1488, 1470, 1394, 1335, 1269, 1219, 1178, 
30 1158, 1098, 1034, 928, 831, 799, 773, 653, 612, 593, 579, 569 cm' 1 . 
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Example 44 

Methanesulfonic acid (1.86 ml) in toluene (15-ml) was added dropwise to 
a stirred solution of unpurified paroxetine base (8.6 g) in toluene (20 ml) 
which had been prepared by potassium hydroxide hydrolysis of a 
5 phenylcarbamate derivative. The clear solution was placed into a 

separating funnel and extracted with water (15 ml). The aqueous phase 
was separated and the water removed by evaporation at reduced pressure. 
Propan-2-ol (50 ml) was added, and residual water was removed by 
evaporation at reduced pressure as an azeotrope with propan-2-ol. The 
10 remaining solution (40 ml) was heated to 40°C and stirred while the 
product crystallised. The resulting paroxetine methanesulfonate was 
collected by filtration, washed with propan-2-ol (20 ml) and dried over 
phosphorus pentoxide in a vacuum desiccator. 

15 Yield = 9.1 g 

Example 45. 

Methanesulfonic acid (2.1 ml) in propan-2-ol (10 ml) was added 
dropwise to a stirred solution of paroxetine base (1 1.92 g) in propan-2-ol 

20 (30 ml). The resulting clear solution was heated to 50°C and hexane 
(200 ml) containing seed crystals of paroxetine methanesulfonate was 
added in small volumes. The solution was vigorously stirred at 
approximately 50°C.for 30 minutes to crystallise. The resulting white 
solid was collected by filtration, washed with hexane (50 ml) and dried in 

25 a vacuum desiccator over phosphorus pentoxide to produce crystalline 
paroxetine methanesulfonate 

Yield = 13.02 g 



48 



P32151-1 



Example 46 

To a stirred solutiorvof paroxetine baser(20.9 g) in propan-2-ol (70 ml) 
was added methanesulfonic acid (3.7 ml) in propan-2-ol (10 ml), the 
solution was heated to 50°C and added portion-wise to hexane (200 ml) 
5 also at 50°C. The solution was stirred vigorously to form a precipitate 
which was stirred further to ensure crystallisation. The precipitate was 
collected by filtration, washed with hexane (40 ml) and dried in a vacuum 
desiccator over phosphorus pentoxide to give paroxetine 
methanesulfonate as a white crystalline solid. 

10 

Yield = 23.1 g 
Example 47 

Amberlite TRA-93(OH) (78 g) was slurried in water and poured into a 
15 column (10 cm x 4.5 cm). The eluting solvent was gradually changed 
from water to methanol, and the column was repacked. The resin^was 
converted to the methanesulfonate form by eluting with methanesulfonic 
acid (2.2 ml) in methanol (50 ml), and excess acid was washed off the 
column with methanol (300 ml). A solution of paroxetine hydrochloride 
20 (6.9 g) in methanol (50 ml) was loaded onto the column and eluted 

through with methanol (350 ml) over 1 hour. The methanol eluent was 
evaporated at reduced pressure to an oil. Propan-2-ol (100 ml) was added 
and the mixture was heated to 60°C, seeded with crystalline paroxetine • 
methanesulfonate and cooled to room temperature (18°C). The resulting 
25 white precipitate was coltected by filtration, washed with propan-2-ol (20 
ml) and dried in a vacuum desiccator over phosphorus pentoxide to give 
paroxetine methanesulfonate as a white crystalline solid. 

Yield = 6.6 g 

30 
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Example 48 

Amberlite IRA-93(OH) resin (basic, form) (146 g) was slurried, in water 
and poured into a column (16.5cm x 4.5 cm). The eluting solvent was 
gradually changed from water to water/methanol (1:1) and the column 
5 was repacked. The resin was converted to the methanesulfonate form by 
eluting with methanesulfonic acid (10 ml) in methanol/water (1: 1) (20 
ml), and excess acid was washed off the column with methanol/water 
(1:1) (350 ml). A solution of paroxetine hydrochloride (12.86 g) in 
methanol/water (1:1) (50 ml) was loaded onto the column and eluted 

10 with methanol: water (1:1) (350 ml) over 1 hour. The eluent was 

evaporated at reduced pressure to give a crisp solid. Propan-2-ol (120 ml) 
was added and the mixture was heated to reflux temperature and cooled 
to 40°C. The resulting white precipitate was collected by filtration, 
washed with propan-2-ol (50 ml) and dried in a vacuum desiccator over 

15 phosphorus pentoxide to give paroxetine methanesulfonate as a white 
crystalline solid. 

Yield = 14.8 g 
Example 49 

20 Methanesulfonic acid (1.00 ml) was added to a solution of (3S,4R)-3- 
(Benzo[l,3]dioxol- 

5-y loxymethyl)-4-(4-fluoro-phenyl)piperidine- 1 -carboxylic acid ; tertbutyl 
ester (3.30 g) in propan-2-ol. The reaction mixture was stirred at 22°C 
under nitrogen for 4 hours then the reaction mixture was concentrated to 

25 approximately 20 ml, seeds of paroxetine methanesulfonate salt added 

(approximately 20 mg) and the solution left to crystallise. After standing for 
19 hours at 22-23°C, needle crystals of paroxetine methanesulfonate were 
collected by filtration, washed with propan-2-ol and dried under vacuum. A 
second crop of paroxetine methanesulfonate was collected fronvthe filtrate 

30 after standing at 23°C for 6 hours. . ! . : ; : ; .■ : . 
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Example 50 

A solution of (Benzoyl, 3]dioxol-5-yloxymethyl)-4-(4- - - 
fluorophenyl)piperidine-l-carboxylic acid tert-butyl ester (4.10 g) in 
dichloromethane was treated with a solution of methanesulfonic acid 
5 (0.97 g) in dioxane (20 ml) at 22°C. The reaction mixture was stirred at 
this temperature for 48 hours, then methanesulfonic acid (1 ml) was 
added and the reaction mixture heated at reflux for 5 hours. The mixture 
was cooled to room temperature (22°C) and left to stand for for 22 hours, 
then evaporated to approximately 10 ml under reduced pressure. Propan- 
10 2-ol was added (60 ml) and the solution seeded with paroxetine 

methanesulfonate (20 mg) and stirred at room temperature for 1 hour. 
Paroxetine methane sulfonate was isolated by filtration, washed with cold 
propan-2-ol (5 ml) and dried under vacuum. Yield 2.38 g. 

Example 51 

15 Aqueous hydrochloric acid (0.48M, 25.0 ml) was added to a stirred solution of 
paroxetine methanesulfonate (5.0 g) in water (50 ml) at 40°C over a period of 15 
minutes. The resulting thick white suspension was stirred and cooled to 20°C. The 
product was collected by filtration, washed with water (20 ml) and dried at 40°C 
under vacuum over phosphorus pentoxide for 2 hours to give crystalline paroxetine 

20 hydrochloride hemihydrate, 3.9g. 

The infra-red spectrum obtained was consistent with that of crystalline paroxetine 
hydrochloride hemihydrate. 

Example 52 

25 Paroxetine methanesulfonate was added portionwise over a period of 5 minutes 
to dilute aqueous hydrochloric acid (0.1 72M, 75 ml) at 21°C. A precipitate 
formed quickly, but the mixture was stirred for 30 minutes to ensure complete 
crystallisation. The product was collected by filtration washed with water (20 ml) 
and dried at 40°C under vacuum over phosphorus pentoxide for 2 hours to give 

30 crystalline paroxetine hydrochloride hemihydrate, 4.0g. The infra-red spectrum 
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obtained was consistent with that obtained for crystalline paroxetine 
hydrochloride hemihydrate. ~ . . , 

Example 53 

5 A solution of paroxetine methanesulfonate (5.0 g) in water (20 ml) was added to 
dilute hydrochloric acid (0.1 0M, 125 ml) at 40°C with stirring over a period of 
10 minutes. The resulting suspension was stirred and cooled to 20°C and the 
product was collected by filtration. The filter cake was washed with water (30 
ml) and the product dried at 40°C under vacuum over phosphorus pentoxide for 2 
10 hours to give crystalline paroxetine hydrochloride hemihydrate, 3.1 g. 

The infra-red spectrum obtained was consistent with that obtained for crystalline 
paroxetine hydrochloride hemihydrate. 



Example 54 



INGREDIENTS 


20 mg Tablet 


30mg Tablet 


Paroxetine Methanesulfonate 


20.00 mg 


30.0 mg 




(calc. as free base) 


(calc. as free base) 


"Dicalcium'FHosphate"(DCPr' 


' 8334 mg 


125.6 mg' 


Microcrystalline Cellulose 


50.67 mg 


76.0 mg 


Sodium Starch Glycollate 


8.34 mg 


12.5 mg 


Magnesium Stearate 


1.67 mg 


2.5 mg 



15 
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Commercial source of the ingredients 

Dicalcium Phosphate Dihydrate. ^, . Emcompress.or Ditab* , . 

Microcrystalline Cellulose - Avicel PH 102* 

Sodium Starch Glycollate - Explotab.* 

* Trade names 

Method 

1. Pass DCP through a screen and weigh it into a Planetary mixer. 

2. Add 30 mesh Paroxetine Methanesulfonate to the bowl. 

3. Add 20 mesh Avicel and Explotab and mix all the powders for 10 minutes. 

4. Add magnesium stearate and mix for 5 minutes. 
Tablet into Pentagonal Tablets using the following punches: - 

30 mg Tablet 9.5 mm Circumcircle 

"20 mg Tablet 8.25 mm Circumcircle 

The tablets are made satisfactorily on a single punch or a Rotary press. 



Example 55 



INGREDIENTS 


10 mg Tablet 


20 mg Tablet 


30mg Tablet 


Paroxetine 


10 mg 


20 mg 


30 mg 


Methanesulfonate 


(calc.as free base) 


(calc.as free base) 


(calc.as free base) 


Sodium Starch Glycollate 


2.98 mg 


5.95 mg 


8.93 mg 


Granular Dicalcium 








Phosphate 


158.88 mg 


317.75 mg 


476.63 mg 


(DITAB) or Dicafos 








Magnesium Stearate 


1.75 mg 


3.50 mg 


5.25 mg 
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Method 

1 . Paroxetine Methanesulfonate, Sodium Starch Glycollate and Dicalcium 
Phosphate Dihydrate are screened and mixed together in a suitable mixer. 

(Planetary, Cuble or High Energy Shear mixer.) 

2. Add Magnesium Stearate and compress it into a tablet using a single punch 
or Rotary Tablet machine. 

Examples 56 to 64 

The following nine paroxetine methanesulfonate formulations (each containing 
20mg paroxetine free base) were prepared using a direct compression process as 
hereinbefore described and compressed into tablets each weighing 350 mg. The rates 
of dissolution of these formulations were compared with a control tablet formulation 
comprising paroxetine hydrochloride hemihydrate (also containing 20mg paroxetine 
free base) which salt is used in commercial presentations of paroxetine. 
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EXAMPLE (% 
by weight) 


Control 


56 


57 


58 


59 


60 


61 


62 


fit 




Paroxetine HCl 
Hemi hydrate 


6.51 




































Paroxetine 
Methane - 
sulfonate # 


- 


7.38 


7.38 


7.38 


7.38 


7.38 


7.38 


7.38 


7.38 


7.38 


Dibasic 
Calcium 
phosphate 


90.79 


89.92 















87.62 












Lactose - Fast 
Flow 






89.92 












87.62 


87.33 










Micro- 
crystalline 
cellulose 










89.92 
































Mannitol SD 










89.92 





























Silicrfied 
micro- 
crystalline 
ceiluiose 












89.92 






















Lactitol 














89.92 






















Sodium starch 
glycollate 


1.70 


1.70 


1.70 


1.70 


1.70 


1.70 


L70 


4.00 


4.00 


4.00 


Sodium lauryl 
sulphate 




















0.29 


Magnesium 
stearate 


1.00 


1.00 


1. 00 


LOO 


1.00 


LOO 


1.00 


LOO 


LOO 


LOO 


Total 


100.00 


100.00 


100.00 


i 00.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



# Crystalline paroxetine methanesulfonate as hereinbefore described in Examples 1 
to 4. 



The dissolution profiles of the test formulations were assessed using USP apparatus 
II (paddles) rotating at 60 rpm in 0.1 M hydrochloric acid (900 ml). Quantification 
is determined by UV spectroscopy. The following results were obtained. 
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Example 


..... SPEED OR. 
DISSOLUTION 
(versus control) 


DISSOLUTION 
% drug released after : 


15 min. 


^0 min 
~> \j nun. 


45 min. 


60 min 

uu lllill. 


Mean 


jviean 


Mean 


Mean 


Control 


N/A 


13 


y / 




1 A/1 

1U4 


56 


S 


27 


59 


82 


98 


57 


F 


87 


103 


103 


104 


58 


F 


107 


105 


104 


104 


59 


F 


106 


107 


106 


106 


60 


F 


99 


101 


I0l 


102 


61 


F 


97 


97 


97 


97 


62 


S 


70 


88 


91 


93 


63 


F 


99 


102 


102 


102 


64 


F 


98 


99 


99 


99 



NA not applicable 
S slower than control formulation 
5 F faster than control formulation 

The formulation of Example 56 is essentially identical to the control formulation 
except for the replacement of paroxetine hydrochloride hemihydrate with paroxetine 
methanesulfonate. Whilst the methanesulfonate salt of paroxetine is significantly 

10 more soluble than the hydrochloride salt, surprisingly the rate of dissolution of 

Example 56, which comprises dibasic calcium phosphate as the sole diluent, is much 
slower than the control formulation. This observation of reduced dissolution from a 
salt with higher aqueous solubility than the standard hydrochloride hemihydrate salt 
can be explained by the in situ formation of the hydrochloride hemihydrate salt on 

15 the dissolving surface of the tablet of Example 56. This hydrochloride hemihydrate 
salt forms a substantial shield on the tablet surface which then needs to dissolve in 
turn and the whole dissolution process is slowed. 
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By contrast the dissolution rates of Examples 57 to 61, which contain a carbohydrate 
diluent instead of dibasic calcium phosphate, are. faster than the control formulation. . 
Whilst the in situ formation of the hydrochloride hemihydrate salt will occur the 
presence of the carbohydrate diluent provides an improved dissolution rate. 

The results for Examples 56 and 62 indicate that the rate of dissolution for 
paroxetine methane sulfonate formulations containing dibasic calcium phosphate can 
be increased by raising the level of disintegrant present. However it is preferable 
also to use a carbohydrate diluent as evidenced by the results for Examples 63 and 
64 which dissolution rates are also faster than the control formulation. 

In summary, these results demonstrate that the highly water soluble paroxetine 
methanesulfonate salt can be advantageously formulated with a water-soluble and/or 
hydrophilic diluent (such as a carbohydrate diluent). 
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